Background It is not known whether infants exposed to intermittent maternal fasting at conception are born smaller or have a higher risk of premature birth than those who are not. Doctors are therefore unsure about what advice to give women about the safety of Ramadan fasting. This cohort study aimed to investigate these questions in Muslim mother-infant pairs to inform prenatal care. Methods Routinely collected data accessed from maternity records were the source for information. Mothers were considered exposed if they were Muslim and Ramadan overlapped with their infant conception date, estimated to be 14 days after the last menstrual period. Infants were included as exposed if their estimated conception date was in the first 21 days of Ramadan or 7 days prior to Ramadan. Results After adjusting for gestational age, maternal age, infant gender, maternal body mass index at booking, smoking status, gestational diabetes, parity and year of birth, there was no significant difference in birth weight between infants born to Muslim mothers who were conceived during Ramadan (n=479) and those who were not (n=4677) (adjusted mean difference =24.3 g, 95% CI −16.4 to 64.9). There was no difference in rates of premature births in exposed and unexposed women (5.2% vs 4.9%; OR=1.08, 95% CI 0.71 to 1.65). Conclusions Healthy Muslim women considering becoming pregnant prior to, or during Ramadan, can be advised that fasting does not seem to have a detrimental effect on the size (weight) of their baby and it appears not to increase the likelihood of giving birth prematurely.
INTRODUCTION
Every year Muslims fast for the entire month of Ramadan. While fasting from dawn until sunset Muslims refrain from consuming food and drinks, smoking and engaging in sexual relations. Ramadan fasting can result in altered sleep patterns, acute and/or chronic hypohydration, altered mood and changes to other lifestyle behaviours. Worldwide there are ∼0.8 billion Muslim women of which 230 million are of childbearing age and globally Muslims have a fertility rate with each Muslim woman on average giving birth to 3.1 children. 1 Some evidence suggests that restricted maternal nutrition during critical periods of fetal development is associated with permanent alterations to the physiology of the fetus. [2] [3] [4] Low birth weight has been shown to affect the morbidity and mortality of the new born and the Marmot Review states that low birth weight in particular is associated with poorer long-term health. [5] [6] [7] [8] [9] [10] Other literature has reported that skipping meals during pregnancy can induce physiological stress and is associated with premature birth, suggesting that Ramadan could have adverse effects on fetal development. 11 12 Data from the Dutch Famine Cohort Study (1944) (1945) , however, showed that early pregnancy famine exposure was not strongly associated with birth weight or gestational length. 13 While health agencies advise women that there is medical evidence to show that fasting in pregnancy is not ideal, 14 evidence about possible health consequences is conflicting and there is no definitive guidance. [15] [16] [17] [18] [19] [20] [21] The critical concerns with previous studies are that they have been based on small samples, and/or have not taken account of gestational age when estimating conception date, and/or have not adjusted for important confounders.
Our primary aim was to compare the birth weight of infants born to Muslim mothers who were conceived during Ramadan with their counterparts who had not. Our secondary aim was to explore this question in relation to rates of premature birth. We have focused on time of conception because women would not have been aware they were yet pregnant, therefore highly likely to have fasted, and because studies have suggested that the effect of fasting on birth weight may be of more concern in the first trimester of pregnancy. 20 
METHODS

Setting and study population
The Born in Bradford (BiB) study is a prospective cohort that aims to investigate the impact of environmental, genetic and social factors on health. 22 Bradford is located in the North of England and is one of the most deprived cities in the UK. Bradford District ranks as the 19th most deprived local authority in England (where 1 is the worst deprived local authority and 326 is the least deprived). 23 The infant mortality rate in Bradford is one of the highest in England and Wales (7.0/1000 vs 4.3/ 1000 live births in 2010-2012). In the most deprived areas of Bradford District, the infant mortality rate is substantially higher at 10.2/1000 live births and the risk of dying from congenital anomalies in Bradford is significantly higher in Pakistani babies compared with white babies and also compared with the region or nationally. 24 Approximately 20% of Bradford city residents are of South Asian origin. About half of the South Asian population in Bradford are of Mirpuri origin; Mirpur is a predominantly rural district in the province of Azad Kashmir in Pakistan. Bradford has a higher than average birth rate with about half of the babies in the city born to parents of Pakistani origin.
The published protocol for BiB describes in detail the methods of recruitment and outcomes for BiB. 22 In summary, a total of 13 776 pregnant women were recruited to the BiB project between March 2007 and December 2010. Women were typically recruited when they attended the Bradford Royal Infirmary (BRI) for a routine oral glucose tolerance test (GTT) at 26-28 weeks gestation. Women who consented to the study at this visit also completed a semistructured questionnaire that included items about demographic characteristics, lifestyle and health status/history. The methods have been reported here following the STROBE statement.
Definitions and data collection
Routinely collected data accessed from maternity records were the source for information on infant birth weight, gestational age, gender of child, parity, diabetes before pregnancy and gestational diabetes. Information on ethnicity, smoking status during pregnancy and educational attainment of the mother were collected from the baseline questionnaire during recruitment (26-28 weeks of pregnancy). Overall, 80% of women who are booked to give birth at BRI attend for their oral GTT. Mothers were asked to self-report their ethnicity (see below). National Health Service (NHS) number was used to link and access routinely collected data. NHS number is a unique identifier for patient medical records allowing excellent data linkage. The 2010 Index of Multiple Deprivation (IMD), a UK government statistic, was used to provide a relative measure of socioeconomic deprivation for area of residence, combining seven domains of deprivation including income, employment, health and disability, education, barriers to housing and services, living environment and crime into a single deprivation score for each small area in England. 23 All pregnant women who planned to, and then, gave birth at the BRI during the period of recruitment were eligible for the BiB project. Twin pregnancies were excluded and assisted conception pregnancies were included. Women who signed the consent form thereby gave consent for their babies to be included in the BiB project at birth. In this study, mother-infant pairs were eligible for inclusion if they were Muslim (defined as having reported their religion as Muslim or being of Pakistani or Bangladeshi ethnicity). Data collection in BiB was in three phases and a specific question on religion was not included in phases 1 and 2. However, in phase 3, of those who indicated their ethnicity as Pakistani or Bangladeshi, 91.3% reported their religion as Muslim. In addition, in the 2011 Census, 92% of Pakistanis and 90% of Bangladeshi's in the UK reported their religion as Muslim, 25 minimising concerns about misclassifications of religion.
Women were considered exposed if they were Muslim and during the years of recruitment to the BiB project a Ramadan period overlapped with their infant conception date, estimated to be 14 days after mothers' last menstrual period (LMP) (date of infant birth minus gestational age in days). This approach assumes that ovulation and conception typically take place 14 days after the (first day of the) LMP. Infants were included as exposed if their estimated conception date was in the first 21 days of Ramadan or the 7 days prior to Ramadan (meaning they were potentially exposed to maternal fasting in the early weeks following conception). Mother-infant pairs with a conception date in the last 7 days of Ramadan (days [22] [23] [24] [25] [26] [27] [28] were excluded for two reasons; they would have been exposed to fasting for less than 7 days and therefore had minimum exposure and because it can take 7 days for an embryo to implant in the uterus, so there will have been less exposure to the environment. Ramadan took place in over the following dates in this study; 2007 (13 September-12 October), 2008 (1 September-30 September), 2009 (22 August-19 September) and 2010 (11 August-9 September). The period between sunrise and sunset ranged from 10¾ to 16 hours during the period studied.
Statistical analyses
Data were analysed in Stata V.12 and SAS V.9.2. Maternal and child characteristics of the exposed and unexposed groups were compared using two independent sample t-tests, χ 2 tests or Fisher's exact tests. The association between Ramadan conception and birth weight was carried out using general linear modelling. Unadjusted and adjusted analyses were performed. In the adjusted model, data were adjusted for factors known to be related to birth weight, that is, maternal smoking status during pregnancy, gestational age, gender of the infant, maternal body mass index (BMI) at booking (continuous variable), nulliparity and gestational diabetes. Since Ramadan is a lunar month and begins about 11 days earlier each year we also adjusted for year of infant birth. The percentages of infants born with low birth weight (<2500 g) and percentages of premature births (<37-week gestation) in exposed and unexposed infants were compared using logistic regression analysis. All model assumptions were tested with residual plots and the functional form of the continuous covariates were identified using fractional polynomials. To allow for variation in conception date we also conducted a sensitivity analysis where the conception date was estimated to be 10 days after the date of LMP. The completeness of the data was assessed; complete case analysis was undertaken with no imputation of missing data.
Sample size and power calculations
It was expected that ∼6000 women in the BiB cohort would be Muslim (Pakistani or Bangladeshi). Assuming a twelfth of Muslim babies are conceived during Ramadan, the sample would have at least 95% power at the 5% significance level, to detect a difference of 112 g in birth weight (SD=665) 26 between those conceived during Ramadan and those conceived during other months of the year. General guidelines suggest at least 10-20 subjects per variable are needed when undertaking regression modelling, 27 therefore the sample size is also more than adequate to allow other potential variables of interest/ confounders to be included in the modelling process. The sample size would be sufficient to detect a 5% absolute difference in the rate of preterm births between exposed and unexposed women with 92% statistical power.
RESULTS
Characteristics of participants
A total of 5156 Muslim mother-infant pairs (male infants =51.1%) were eligible for inclusion in the study (9.3% conceived during Ramadan; exposed n=479; unexposed n=4677). See figure 1 for participant flow. The average gestational age of infants was 39.5 weeks with a mean birth weight of 3137 g. Of the included infants, 9.7% were classified as having low birth weight. On average, mothers were 27.9 years old (range =16-49 years) and 95. 
Representativeness of the study sample
The study sample represents the overall BiB project cohort (n=13 773) relatively well, particularly in terms of IMD quintile distribution, infant birth weight, gestational age, percentage low birth weight and infant gender. 29 
Birth weight
After adjusting for confounders, there was no significant difference in birth weight between infants conceived during Ramadan (n=425) and those not conceived during Ramadan (n=4252) (adjusted mean difference =24.3 g, 95% CI −16.4 to 64.9). The results remained unchanged in the unadjusted analysis. Sensitivity analysis (adjusting for the same variables) where conception date was assumed to be 10 days after the LMP for defining exposure, did not alter the findings (adjusted mean difference =22.8 g, 95% CI −18.5 to 64.1). Results were unchanged in the unadjusted analyses tables 2 and 3.
Proportion of low birthweight infants
There was no significant difference in the proportion of infants with low birth weight (<2500 g) born to exposed (n=47/479; 9.8%) and unexposed women (n=410/4677; 8.8%) with and without adjustment for confounders. Similar results were found in the sensitivity analyses (exposed n=48/468: 10.3%; unexposed: n=409/4688: 8.7%) tables 2 and 3.
Proportion of premature births
The percentage of premature births (<37 weeks gestation) was similar in those who were exposed to Ramadan during conception compared with those unexposed (5.2% vs 4.9%, OR=1.08, 95% CI 0.71 to 1.65). Adjusting for confounders did not alter the results. Sensitivity analysis generated similar results (exposed n=27/468: 5.8%; unexposed: n=225/4688: 4.8%). See tables 2 and 3.
DISCUSSION Main findings
Muslim women planning to conceive a child will often ask their doctor or healthcare provider whether it is safe to fast during Ramadan but evidence on this question has been inconsistent. After adjustment for confounders, Muslim infants conceived during Ramadan were not born smaller and had a similar risk of premature birth to children conceived at other times of the year. These findings remained unchanged in the sensitivity analyses.
Interpretation
The evidence on whether fasting during Ramadan in early pregnancy has a detrimental effect on birth weight is contradictory. Several studies have reported that infants estimated to have been conceived during Ramadan are born smaller than babies conceived outside of Ramadan. 19 20 Previous studies, however, have typically included small numbers of exposed women and/or not accounted for important confounders likely to influence birth weight (eg, gestational age and smoking). The two largest studies, 15 17 however, have reported no association between Figure 1 Participant flow through the study (birth weight).
fasting in early pregnancy and infant birth weight, although both studies have methodological concerns that would have been likely to introduce bias. Cross 17 compared birth weights of 13 351 babies born between 1964 and 1984 with two agematched comparator groups; white (n=13 351) and non-Muslim Asians (n=5106) and Alwasel 15 compared the birth weight of 1598 cases who had been exposed to Ramadan in early pregnancy with 1822 unexposed cases. Both studies only included infants who were born at 'term', defined as at least 37 or 38 weeks gestation. 15 17 If maternal fasting during Ramadan induced premature birth and/or low birth weight, these studies will have discounted or underestimated these effects if such associations existed. Cross and colleagues categorised infants as Muslim according to the first three letters of the mother's surname and not using any factual information about religious or ethnic status. Additionally, Cross compared birthweights of participants across groups of Muslims and non-Muslims, rather than Muslims who were and were not in utero during Ramadan. A study by van Ewijk 21 which investigated the associations between prenatal exposure to Ramadan across trimesters with stature and thinness in adulthood has some relevance here (included n=1237 Muslims conceived during Ramadan; n=1520 not in utero during Ramadan). A measure of birth weight was not included in this study, but the authors reported that adult Muslims who were conceived during Ramadan had a lower BMI than Muslims not conceived during Ramadan (BMI difference =−0.37 kg/m 2 , 95% CI −0.71 to −0.03). Given the van Ewijik study 21 is reporting associations from birth to adulthood over two to three decades, it is possible that other lifestyle or environmental factors are responsible for the observed difference. The van Ewijik study did not take into account gestational age at birth either, which may have led to some misclassification of exposure.
Premature birth is one of the leading causes of neonatal morbidity. Our results for premature birth are consistent with previous smaller studies (which typically involve <∼300 participants), which have reported that Ramadan fasting was not associated with higher rates of premature birth and/or gestational age at birth. 16 30 
Strengths and weaknesses
This study was epidemiological in nature and therefore we do not know for certain the extent to which women fasted or the degree of religious observance, although evidence has shown that most Muslims observe fasting during Ramadan 1 As conception would have just taken place, the vast majority of exposed women will not have known yet that they were pregnant therefore very likely to have fasted. Moreover, it would be unlikely that an RCT on this question would take place therefore this study provides the best available evidence on which to base advice to the public. Children defined as not exposed to Ramadan fasting during conception may have been exposed in utero later in pregnancy; as other studies have done, 19 21 we could have further subdivided the sample according to the trimester during pregnancy that Ramadan occurred. We did not take this approach because as pregnancy progresses it becomes increasingly uncertain and unlikely that mothers will have fasted 16 and exposure classification will not have been robust. Another approach we might have taken would have been to compare non-Muslim children from other ethnic groups (eg, white British) with exposed Muslim women. This approach, however, fails to consider that the cultural and environmental conditions of these groups (eg, diet of mothers, family environment, etc) will have been different. Some misclassification of exposure may have occurred because of differing degrees of religious observance and adherence to practices during Ramadan between participants (natural variation of observance in any religion).
Date of conception (14 days after LMP) was calculated using date of birth minus gestational age and may be subject to some small misclassifications of exposure, although in the sensitivity analysis where we varied date of conception made no difference to the results. The BiB Cohort Study recruited women around 26-28 weeks gestation which could mean we have not included very early preterm deliveries, although the vast majority of preterm deliveries will have occurred later than 28 weeks gestation. South Asian Muslim populations living in the UK tend to have a higher total fertility rate than other ethnic and/or religious groups (ie, shorter interpregnancy interval), 1 which may have influenced the results, but these data are not available within the BiB cohort data set. This study took place in England and may not be directly relevant to other countries with different environmental conditions (eg, day length, ambient temperature, humidity). Data on exposures such as altered sleep patterns, acute and/or chronic hypohydration, altered mood and changes to other lifestyle behaviours were not collected but this information may have aided our interpretations of the findings.
There are several strengths to our study. It includes data from a large contemporary sample of South Asian Muslim women and is based on naturally occurring data. The month at which a baby is conceived occurs mostly at random. It is not affected by social class, parent's age or their health status. Therefore, observing patterns according to month of conception is a powerful study design to identify influences of the environment before birth. The physical health and socioeconomic characteristics of exposed and unexposed women were generally similar. To the best of our knowledge, this is the largest study to have included neonatal birth weight and taken into account gestational age when estimating date of conception, as well including gestational age as a covariate in the analyses. This is an important strength of our study for two critical reasons; gestational age directly influences birth weight and information on gestational age allows us to more accurately classify exposure than previous studies. We were also able to adjust for other health and lifestyle variables which other studies have not done (eg, gestational diabetes, parity and early pregnancy maternal BMI) which is critical for reducing confounding. The level of missing data was low and the maternal characteristics of those cases with missing data were not significantly different to those with complete data; therefore, we consider robust conclusions can be made from our complete case analysis. BiB infants were born between 2007 and 2010; Ramadan during these years took place in August and September where the number of hours between sunrise and sunset spans the longest of any season (ie, summer) of the calendar year. In the summer season, Ramadan fasting in Northern Europe lasts between 11 and 16 hours/day, where as in winter it lasts for ∼6-7 hours/ day. Our study therefore presents data where mothers experienced a substantially lengthy period of exposure to Ramadan fasting each day during Ramadan. Our analyses include adjustment for year of birth to allow for the potential effect of day length and climactic conditions. Most studies to date have focused on birth weight and there is a lack of evidence about other important clinical outcomes such as preterm birth.
In conclusion, we found no evidence that maternal fasting during Ramadan is associated with increased risk of infants being born smaller or sooner than infants not conceived during Ramadan. As part of preconception care, healthy Muslim women and their partners can be advised Ramadan fasting is unlikely to have a detrimental effect on the size of their infant at birth and appears not to increase the probability of premature birth. Future prospective studies specifically designed to collect maternal data on lifestyle behaviours during Ramadan are needed to provide a definitive answer on the relationship between Ramadan exposure and maternal and fetal outcomes. These findings are important to the 230 million Muslim women around the world who are of reproductive age and the 713 million babies who they give birth to during their lifetime.
What is already known on this topic?
Muslim women planning to conceive a child will often ask their doctor or healthcare provider whether it is safe to fast during Ramadan but evidence on this question has been inconsistent.
What this study adds?
After taking account of gestational age and adjusting for important confounders, this study found that healthy Muslim infants conceived during Ramadan were not born smaller than Muslim infants conceived outside of Ramadan. Muslim women and their partners can be advised by doctors that Ramadan fasting around the time of conception appears unlikely to have a detrimental effect on the size of their infant at birth or result in premature birth.
